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U(1)x gauge factor appears in many BSM theories

U(1)x charged Hidden sector :
Gauge Boson (X,,) , Scalar (®4) , Fermion (¢)

Hidden sector talks to SM via the Higgs (¢sm) (and via B,)
@ 1) can be Dark Matter

@ Direct detection

@ LHC implications

Here focus on v
(for LHC h — X, X, — €7~ 010~ see [SG,Jung,Wells: '08])
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Framework

SM x U(1)x
U(1)xsector : GaugeBoson(X,.), Scalar(®y), Fermion(1))

SM < U(1)x communication
o LD —a|Psul?|Pn2+ 5 X B
V is such that

SU(2). x U(1)y breaking : (¢sm) = v
U(1)x breaking : (o) =&

Causes ¢y < ¢sp mixing (masses: mp, my)

(o) =(o =) (h)
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Adding Fermions

LD Yiyt Dy + K oy

Accidental Z» symmetry : ¢ — —¢p , SM — SM
@ So 1 cosmologically stable == Dark Matter

@ 1 Vector-like or Chiral. Dirac or Majorana

@ Here focus on Higgs Mixing route

Parameters :
My, &, Sh, mp, my (decouple H)
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Relic Density

Self-annihilation
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Observations : Qg = 0.222 + 0.02 [ppG '0s]
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Direct Detection

Effective hNN coupling ~

Cross-section [cm“] (normalised to nucleon)

| éu

| @sm

46|,

10

10"k

10'

10°

WIMP Mass [GeV/c]]

Shr

10°

Gopalakrishna

2 %1073 [Shifman, Vainshtein, Zakharov (1973)]

DATA isted topto bottom on

(Zk

COMS (Soudr) 20055
sl e it &2

2Ry Gon 2000 i
COMS (Soucam 2
coue!

S 20042005 (reanalysi
SENGNIR 10 2007 (Net 136 o
CDMS Soudan 2007

LUxIZEp sion

CLEAN 100ka v (o
RENONIT (projecte, oy e

Tl Iresolg
o Samaw DAMA 1996

DARP23° Se5 dws%kwxhvﬁ\ old
ZEPLINII (Jan 2001 %rm

2002+2003 limit

b A TT—
3.2005@

posure)
tonne-yeer)

UX/ZEp 30 ome X6 By (48 o yéer

Hidden Sector Dark Matt

LHC Signatures



Y Relic Density 4+ Direct Detection

Mw = 12566\/, mp = 120GeV, K11 = 1/37Sh = 0.25,K3¢ = ]./37 my = 1T7eV
Contours of Qgme = 0.1, 0.2, 0.3 (dotted, thick-dash, solid)
Shaded op;,> 10™* cm? (med-gray) > 107*° cm?® (light-gray)
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h BR

If mp>2My : h— Py Invisible Decay!
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SM (left) and U(1)x (right) ; h— INV, bb, WW, ZZ, tt
Mw ~ GOGGV, Sh = 0.257 K11 = 0.8, K3¢p = 1.0, my = 1T7TeV

NB: Relic density not enforced
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h — SM suppressed

B(h » XX for M=60 GeV, $,=0.5)
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Scan for Width and BRjyy (m, = 120)

Correct relic density; Direct detection constraint

I (left) and BRin, (right) for s, = 0.25, 0.5, 0.707 (dotted, dashed, solid)

k=1/3,my=1TeV ;
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h — INV LHC Signature (qqh - WBF)

[O. J. P. Eboli and D. Zeppenfeld, 2000]

P > 40, |nj| <5.0, nj —mj| > 44, m -my, <O,
BT > 100 GeV , M; > 1200 GeV , ¢ < 1.

For s, = 0.25 , BRyyy = 0.25 :

[ my (GeV) | o5BRim(fb) [ op(f) | Lso (BT |

120 22.7 167 8
200 18 167 12.8
300 13.2 167 23.7
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h — INV LHC signature (Zh)

[H. Davoudiasl, T. Han and H. E. Logan, 2004]

pre > 10, |ng| < 2.5, pr > 100 GeV , [M,y,_ — mz| < 10 GeV .

For s, = 0.25, BRyyy = 0.25 :

[ my (GeV) | o5BRim(fb) [ op(f) | Lso (BT |

120 2.1 26.3 146
200 0.8 26.3 1059
300 0.26 26.3 —
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U(1)x hidden sector naturally explains Dark Matter relic density

If mp > 2M,, LHC h — INV
h —SM suppressed
Vector Boson Fusion promising

Direct Detection in future experiments
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